ABSTRACT The influence of dietary Arg concentration and Eimeria acervulina infection on broiler growth performance and plasma carotenoid, nitric oxide (NO), amino acid, and urea concentrations was evaluated. Male Ross × Ross 308 broilers (384 total) were fed a common diet for 10 d post-hatch and provided experimental diets formulated to contain 1.23 (HA) or 0.74% (LA) standardized ileal digestible Arg from 10 to 28 d. At 21 d, one-half of the broilers were switched to the opposite diet to create 4 dietary regimens where birds were fed the LA diet throughout, the LA diet replaced by the HA diet at 21 d, the HA diet throughout, or the HA diet replaced by the LA diet at 21 d. Broilers were orally inoculated 0 (uninfected) or 3.5 × 10 5 sporulated E. acervulina oocysts at 15 d, resulting in a factorial arrangement of 4 dietary regimens × 2 infection states (8 replicates/treatment). Overall (10 to 28 d) BW gain and G:F were greatest (P < 0.01) for birds fed the HA diet throughout, regardless of infection status. Eimeria acervulina infection decreased (P < 0.01) BW gain of birds from 15 to 21 d, and G:F was lowest (P < 0.05) for infected birds fed the LA diet during this period. There was no influence (P > 0.05) of E. acervulina on BW gain or G:F of broilers from 21 to 28 d. Plasma Arg, Lys, and Orn levels at 21 d indicated that the LA diet caused an imbalance in the Lys and Arg status of broilers, and E. acervulina infection increased (P < 0.01) the plasma concentration of these 3 amino acids. Diet × infection interactions (P < 0.05) were observed on 21 d for plasma carotenoids and NO, whereby infection decreased plasma carotenoids and increased plasma NO, but dietary Arg concentration only influenced these measures for uninfected birds. Thus, production of NO during E. acervulina infection was not impaired by dietary Arg limitation.
INTRODUCTION
A large proportion of the economic losses caused by coccidiosis, a prevalent disease which results from intestinal infection by protozoan parasite of genus Eimeria, can be ascribed to detriments in feed efficiency as a consequence of impaired nutrient absorption (Williams, 1999) . The underlying intestinal pathology that leads to decreased nutrient digestion and uptake in Eimeriainfected chickens has been relatively well-characterized and involves extensive morphological damage (Fernando and McCraw, 1973) , decreased digestive enzyme activity (Major and Ruff, 1978) , and altered expression of nutrient transporters (Su et al., 2015) . On the other hand, systemic metabolic changes that may decrease feed efficiency or alter nutrient requirements during coccidiosis are less well known. Consumer demand for antimicrobial-free production practices has created an impetus for identifying nu-C 2016 Poultry Science Association Inc. Received February 5, 2016 . Accepted July 18, 2016 Corresponding author: rdilger2@illinois.edu tritional strategies to lessen the impact of coccidiosis on broiler health and performance, and as such, greater understanding of Eimeria-induced alterations in nutrient metabolism is warranted.
Arginine metabolism is unique in chickens when compared with mammalian species. In contrast to mammals, chicken enterocytes do not possess the enzymes necessary for citrulline (CIT) production, thereby eliminating the contribution of intestinally derived Cit to Arg synthesis (Wu et al., 1995) . Arginase, which degrades Arg to Orn and urea, is readily active in chicken kidney, but activity of carbamoyl phosphate synthetase I, the first enzyme needed for Arg production from Orn in the urea cycle, is lacking (Tamir and Ratner, 1963) . Under certain dietary conditions, most notably when Lys is in excess of the requirement, Arg degradation by kidney arginase is increased in chickens (Austic and Nesheim, 1970) . Consequently, the dietary essentiality for Arg in chickens represents the metabolic requirement for protein and metabolite synthesis plus that required to replace Arg degraded by kidney arginase (Ball et al., 2007) . A key metabolic demand of Arg is for the production of nitric oxide (NO), which is synthesized along with Cit from Arg by the enzyme nitric oxide synthase (NOS). Endothelial NOS is found in cells lining blood vessels and produces NO that serves as a vasodilator to regulate blood pressure (Moncada et al., 1989) . Macrophages, which are phagocytic cells of the innate immune system, express an inducible form of NOS (iNOS) upon stimulation by the T helper-1 family of cytokines to generate NO that reacts to destroy invading pathogens including Eimeria species (Lillehoj and Li, 2004) . Furthermore, it has been established that alternatively activated macrophages express arginase activity in response to T helper-2 cytokines as a means to produce Orn that is subsequently used in the synthesis of polyamines needed for tissue repair (Munder et al., 1999) . The balance between iNOS and arginase expression in avian macrophages has been related to susceptibility of chickens to Marek's disease (Djeraba et al., 2002) .
It has been demonstrated that plasma Arg levels decrease in a dose-dependent manner in response to Eimeria infection, and this decrease is accompanied by an increase in plasma NO (Allen and Fetterer, 2000) . Additionally, we recently reported dose-dependent increases in plasma Lys and Orn, concomitant with a decrease in plasma Arg (Rochell et al., 2016a) , indicating that coccidiosis may cause an imbalance between these amino acids and increase arginase-mediated degradation of Arg through mechanisms mentioned above. As such, we hypothesized that feeding a diet limiting in Arg will exacerbate this relationship and reduce availability of Arg for NO production. The present study was conducted to evaluate the effects of reducing dietary Arg during the acute (0 to 6 d post-inoculation) and recovery (6 to 13 d post-inoculation) phases of an E. acervulina infection on growth performance and NO production of broilers. Plasma Arg, Lys, Orn, and urea were measured as indicators of Arg degradation by arginase (Wang et al., 1973; Chu and Nesheim, 1979; Ruiz-Feria et al., 2000) , and plasma carotenoids were evaluated as an indicator of Eimeria infection severity (Conway et al., 1993) .
MATERIALS AND METHODS
All animal care and experimental procedures were approved by the University of Illinois Institutional Animal Care and Use Committee before initiation of the experiment.
Bird Husbandry
Three-hundred eighty-four male Ross × Ross 308 broilers were obtained from a commercial hatchery and placed in thermostatically controlled batteries with raised wire floors in an environmentally controlled room with continuous lighting. Birds were provided free access to water throughout the trial, and a corn-soybean meal-based starter diet that met or exceeded requirements for Ross broilers (Aviagen, 2014) was provided 4 AME n = nitrogen-corrected apparent metabolizable energy. 5 SID = standardized ileal digestible.
from arrival to 10 d post-hatch. Environmental temperature was adjusted to bird age according to breeder recommendations. At 10 d post-hatch, birds were individually weighed (249 ± 0.2 g initial weight), wing-banded, allotted to 8 treatment groups similar in body weight, and provided experimental diets. Eight replicate cages containing 6 chicks per cage were assigned to each treatment group. Birds and feeders were weighed at 15, 21, and 28 d post-hatch for calculation of body weight gain (BWG), feed intake (FI), and feed efficiency. Mortality was less than 3% and was unaffected by treatment. Body weight gain and feed efficiency were corrected to include weight gain of birds that died during the trial.
Dietary Treatments
Two experimental diets were formulated to contain 0.74 (LA) or 1.23% (HA) standardized ileal digestible (SID) Arg and meet all other nutrient specifications for Ross broilers (Aviagen, 2014) (Table 1 ). The diets were fed in mash form and were formulated to be low in CP but match the SID amino acid profile of a 19% corn-soybean meal-based grower diet as previously described (Rochell et al., 2016b) . The 40% reduction in SID Arg between the LA and HA diets was chosen based on results of the same previous experiment. For the LA diet, supplemental L-Arg (free-base) was replaced by dextrose, and soybean oil was adjusted such that diets remained isocaloric. Metabolizable energy and nitrogen content of all supplemental AA were accounted for in the diet formulation based on values provided by NRC (1994) , and the reduction in CP content of the LA diet was solely due to the exclusion of supplemental L-Arg. Dietary treatments were provided to birds starting at 10 d post-hatch. At 21 d post-hatch, one-half of the broilers receiving the LA and HA diets were switched to the opposite diet for the remainder of the trial to create 4 dietary regimens in which birds were fed the LA diet from 10 to 28 d (LA-LA), the LA diet replaced by the HA diet at 21 d (LA-HA), the HA diet from 10 to 28 d (HA-HA), or the HA diet replaced by the LA diet at 21 d (LA-HA).
Eimeria Acervulina Challenge
At 15 d post-hatch, chicks were weighed and orally inoculated with 1 mL of distilled water containing 0 (sham-inoculated, uninfected group) or 3.5 × 10 5 sporulated E. acervulina oocysts using a 1 mL syringe (infected group). Oocysts were from stocks originally obtained from the USDA Animal Parasitic Diseases Laboratory, Beltsville, MD (courtesy of Dr. Mark Jenkins) and maintained in our laboratory as previously described (Rochell et al., 2016a) . The dose was selected in attempt to elicit a moderate response to infection based on results from previous experiments in our laboratory.
Plasma Collection and Analyses
At 21 and 28 d post-hatch (6 and 13 d postinoculation, respectively), birds were euthanized by CO 2 inhalation and immediately dissected for blood collection. Two birds closest to the mean weight were selected from each cage and blood was collected via cardiac puncture into tubes containing EDTA, placed on ice, and centrifuged for 20 min at 1,250 × g and 4
• C. Plasma from birds within a cage was pooled, aliquoted, and stored at −80
• C pending analysis. All blood processing and carotenoid analysis procedures were conducted under yellow light. Plasma carotenoid and NO concentrations were determined for blood samples taken at d 21 and 28, whereas plasma AA concentrations were only determined for samples taken at d 21. Carotenoid concentrations were determined by spectrophotometry as previously described by Allen (1987) . Plasma nitrate (NO 3 − ) + nitrite (NO 2 − ) were measured to reflect total NO using a colorimetric assay kit according to instructions provided by the manufacturer (Cayman Chemical Co., Ann Arbor, MI). To remove interfering proteins prior to NO analysis, plasma samples were filtered through pre-rinsed centrifugal filters (VWR, Radnor, PA) that excluded proteins with a molecular weight greater than 30 kilodaltons. For plasma free amino acid analysis, plasma samples were deproteinized by mixing approximately 300 μL of plasma with an equal volume of SeraPrep (Pickering Laboratories, Mountain View, CA). After incubation for 5 min at room temperature, the mixture was frozen overnight, thawed, and centrifuged at 13,500 × g for 5 min. Amino acids in the supernatant were separated with a high-performance liquid chromatography instrument (ICS-5000, Dionex Corp., Sunnyvale, CA) using a lithium cation-exchange column (Model 0354100T, Pickering Laboratories, Inc., Mountain View, CA), followed by post-column ninhydrin derivatization and UV light detection of individual amino acids.
Statistical Analyses
An individual cage of birds served as the experimental unit and treatments were distributed to cages (64 total) in a completely randomized design. Data are presented as least squares means of treatment groups. During the pre-inoculation period, means of birds allotted to the uninfected and infected groups were combined, and a 1-way ANOVA within the MIXED procedure of SAS 9.3 (SAS Institute, Cary, NC) was used to assess the main effect of Arg level before infection (n = 32). Otherwise, data were analyzed as a factorial arrangement of dietary Arg and infection status using a 2-way ANOVA. For 15 to 21 d growth performance and 21 d plasma measurements, means of the LA-LA and LA-HA groups and means of the HA-LA and HA-HA groups were combined into LA and HA groups (n = 16), respectively. Values of plasma NO, Orn, and Arg:Lys ratio exhibited heterogeneous variance and were logtransformed to achieve homogenous variance and normality for the purpose of statistical analysis. For 21 to 28 d and overall growth performance and 28 d plasma measurements, each treatment group was represented by 8 replicate cages. Where noted, means were separated using a Tukey's multiple comparison test. Statistical significance was considered at P < 0.05 in all cases.
RESULTS AND DISCUSSION
Arginine is a dietary essential amino acid for protein synthesis and immune function in chickens. Allen and Fetterer (2000) reported that E. acervulina infection decreased plasma Arg from 289 (uninfected) to 146 μM (1 × 10 6 oocysts) in a dose-dependent manner for 3-wk-old White Rock × Rhode Island Red chickens fed a 24% CP diet. In a previous experiment in our laboratory, plasma Arg of Ross broilers fed a 21% CP diet was linearly reduced from 556 μM in uninfected birds to 434 μM in birds infected with the highest dose of 1 × 10 6 E. acervulina oocysts (Rochell et al., 2016a) . Moreover, plasma Lys and Orn of infected birds increased linearly from 265 to 459 and 44 to 86 μM, respectively. Based on these results, we hypothesized that decreased plasma Arg during E. acervulina infection was partly attributable to increased Arg degradation resulting from an imbalance between Lys and Arg. It was further hypothesized that this imbalance would be exacerbated with a reduction in dietary Arg, which would limit availability of Arg for NO synthesis and ultimately impair growth performance of broilers during coccidiosis.
During the pre-inoculation phase of 10 to 15 d posthatch, BWG, FI, and G:F of birds fed the LA diet were decreased (P < 0.01) by 17, 3, and 13%, respectively, compared with birds fed the HA diet (Table 2) . During the acute phase of E. acervulina infection (15 to 21 d post-hatch), dietary Arg reduction and E. acervulina infection independently decreased (P < 0.01) BWG and FI, whereas a diet × infection interaction (P < 0.05) was observed for G:F of broilers. As such, E. acervulina infection decreased G:F of birds fed the HA diet by 16%, while a greater (23%) decrease due to infection was observed for birds fed the LA diet. These results are in good agreement with a similar experiment conducted in our laboratory in which the same magnitude of dietary Arg reduction caused similar effects during the pre-inoculation and acute phases of an E. acervulina infection for broilers of the same age (Rochell et al., 2016b) .
No effects (P > 0.05) of E. acervulina infection were observed for BWG, FI, or G:F from 21 to 28 d, indicating that growth performance of infected broilers had recovered. Dietary Arg regimen influenced (P < 0.01) BWG and G:F, but not FI (P > 0.05) of broilers during this period. Main effect means for broilers fed the LA-LA, LA-HA, HA-LA, and HA-HA regimens were 390, 463, 426, and 477 g/bird for BWG (SEM = 15.3) and 488, 585, 519, and 570 g/kg for G:F (SEM = 13.6), respectively. Thus, during the 21 to 28 d period, growth performance of broilers initially fed the LA diet and later switched to the HA diet was restored to be equal to those continuously fed the HA diet, revealing a striking capacity for compensatory growth following a period of dietary Arg limitation. Overall (10 to 28 d), E. acervulina infection reduced (P < 0.01) BWG, FI, and G:F by 9, 4, and 5%, respectively. No interactive effects between diet and infection status were observed on growth performance during the recovery or overall phases, indicating that the potential for dietary Arg limitation to exacerbate E. acervulina infection severity, as indicated by the response in feed efficiency, was confined to the acute phase of infection.
Interactive effects of dietary Arg concentration and infection status were observed (P < 0.05) on plasma Arg and Arg:Lys ratios (Table 3) , and in both cases were a result of differences in magnitude of response rather than direction. In both uninfected and infected birds, feeding the LA diet decreased plasma levels of Arg and increased plasma Lys, causing a substantial reduction in the plasma Arg:Lys ratio. The concentration of urea also increased (P = 0.022) when birds were fed the LA diet. In chickens fed a casein-based basal diet, Jones et al. (1967) reported that the addition of 2% a-c Means within a row significantly (P < 0.05) influenced by a diet × infection interaction that do not share a common superscript are different (P < 0.05).
1 Broilers were fed low (LA) or high (HA) arginine diets beginning at 10 d post-hatch and inoculated with 1 mL of distilled water containing 0 (uninfected) or 3. L-lysine·HCl decreased plasma Arg from 35 to 16 μg/mL (201 to 92 μM, respectively) and increased plasma Lys from 184 to 470 μg/mL (1,259 to 3,215 μM, respectively), decreasing the plasma Arg:Lys ratio from 0.19 to 0.03. Thus, the plasma responses of Lys and Arg in the current study seem to reflect antagonism between these 2 amino acids, which has been shown to involve increased degradation of Arg to Orn and urea by kidney arginase (Jones et al., 1967; Austic and Nesheim, 1970) .
Based on previous research mentioned above, it was expected that E. acervulina infection would further decrease plasma Arg, exacerbating antagonism between Lys and Arg. Contrary to our hypothesis, E. acervulina infection increased plasma Arg levels of birds fed the LA and HA diets by 33 and 47%, respectively, compared with uninfected birds receiving the same diets. Furthermore, E. acervulina infection increased plasma Lys for LA and HA-fed birds by 7.6 and 97.7%, respectively, but the large difference in the magnitude between these responses was not sufficient to cause a significant diet × infection interaction (P = 0.068). However, the large numerical increase in plasma Lys due to infection for birds fed the HA diet caused a decreased plasma Arg:Lys ratio for this dietary group that was not observed for birds fed the LA diet, leading to a diet × infection interaction (P < 0.01) for plasma Arg:Lys. This seems to indicate that the numerical increase in plasma Lys concentration caused by E. acervulina infection led to antagonism between Lys and Arg when Arg was fed to broilers at the dietary requirement level, but infection did not further exacerbate the overwhelming antagonism caused by feeding Arg at 60% of the dietary requirement.
In the current experiment, plasma Orn generally followed the same pattern observed for Arg in that its concentration was higher for birds fed the HA diet than for birds fed the LA diet and was also increased with E. acervulina infection. This is similar to the pattern observed by Balnave and Brake (1999) . In the current study, the relative increase in plasma Orn with infection was greater than the increase in Arg, causing a higher Orn:Arg ratio for infected birds than for uninfected birds, which may indicate greater Arg degradation. In contrast to Orn, plasma urea concentrations were independently decreased (P < 0.001) with E. acervulina infection. Therefore, whereas plasma Orn appeared to indicate increased Arg degradation with E. acervulina infection, plasma urea concentrations indicated less Arg degradation for infected birds. Compared with plasma urea, urea excretion measured with ureter catheterization or by analysis of fecal dropping may be more representative of changes in dietary Arg degradation (Chu and Nesheim, 1979) , presumably due to the ability of chickens to excrete urea at a rate that prevents its accumulation in the plasma (Owen and Robinson, 1964) . Similarly, results reported by Ruiz-Feria et al. (2000) indicated that plasma Orn may be more sensitive to alterations in Arg degradation caused by dietary changes in CP or Arg level than plasma urea. Therefore, the discrepancy among markers of Arg degradation in the current study was possibly a result of differences in their excretion rates relative to their production rates.
The increase in plasma Arg observed with E. acervulina infection in the current study is not readily explainable. Arginine comprises a relatively high percentage of amino acids in skeletal muscle of broilers (Conde-Aguilera et al., 2013), and it is possible that the plasma Arg pool was increased by mobilization of body protein to satisfy Arg demands during the condition of decreased dietary Arg availability caused by E. acervulina infection. Additionally, in previous reports where plasma Arg was decreased with E. acervulina infection, birds were fed diets with more typical CP content as described above (Allen and Fetterer, 2000; Rochell et al., 2016a) . Robbins and Baker (1981) showed that kidney arginase increased to a much greater extent when total dietary nitrogen was in excess of the requirement than when a single amino acid was in excess. In the current study, a low CP diet was used to facilitate a large reduction in Arg concentration between the LA and HA diets, and increases in Arg degradation may have been lower than what would have occurred with feeding a higher CP diet. It is also a-c Means within a row significantly (P < 0.05) influenced by a diet × infection interaction that do not share a common superscript are different (P < 0.05).
1 Broilers were fed low (LA) or high (HA) arginine diets beginning at 10 d post-hatch and inoculated with 1 mL of distilled water containing 0 (uninfected) or 3.5 × 10 5 E. acervulina oocysts at 15 d post-hatch. At 21 d post-hatch, half of the birds in the LA and HA groups were switched to the opposite diet (LA-HA or HA-LA), while the other half remained on the same diet throughout the trial (LA-LA or HA-HA).
2 CRT = plasma carotenoids; NO = total plasma nitric oxide (NO 2 − + NO 3 − ). 3 Values represent least-squares interaction means of uninfected or infected birds fed LA or HA diets (n = 16). 4 Values represent least-squares interaction means of uninfected or infected birds fed LA-LA, LA-HA, HA-LA, or HA-HA regimens (n = 8).
important to note that the highest Arg:Lys ratio (0.77) observed for uninfected broilers fed the HA diet in the current study was still lower than the lowest value caused by the inverse responses in plasma Arg and Lys to E. acervulina infection previously reported in our lab (0.95) (Rochell et al., 2016a) . Furthermore, Balnave and Brake (1999) reported plasma Arg:Lys values ranging from 1.83 to 2.86 for broilers fed diets based on sorghum and wheat and containing 1.00% Lys and 1.05 to 1.35% Arg. Therefore, responses in plasma amino acid profile to E. acervulina infection may have been affected by the already low plasma Arg:Lys ratio of broilers fed the low CP diet in the current study.
Plasma carotenoids were decreased with E. acervulina infection at both 21 and 28 d (Table 4) . It has been shown that decreased plasma carotenoids reflect disruption of the intestinal mucosa (Conway et al., 1993) and are correlated with impaired Arg digestibility during coccidiosis (Rochell et al., 2016a) . Within the uninfected group, plasma carotenoids were higher for birds fed the LA diet than those fed the HA diet, leading to a diet × infection interaction (P < 0.01) on this measure at 21 d. The cause of variation in plasma carotenoids at 21 d between uninfected birds fed the LA and HA diets is not clear, but the marked impact of infection at 21 d probably decreased plasma carotenoids to a minimum level and overwhelmed any influence of diet. At 28 d, plasma carotenoids of infected birds remained lower (P < 0.01) than those of uninfected birds, but no dietary influence or diet × infection interaction was observed (P > 0.05).
Eimeria acervulina caused a marked increase in plasma NO for broilers at 21 d, and this response was not inhibited by feeding the LA diet (Table 4) . However, a diet × infection (P < 0.05) interaction was observed whereby plasma NO of uninfected broilers was decreased for birds fed the LA diet at 21 d. The increase in plasma NO with E. acervulina infection in the current study was considerably greater than highest levels previously reported with various inoculation doses of E. acervulina (27.2 μM), E. maxima (17.5 μM) or E. tenella (16.5 μM) (Allen, 1997a,b; Allen and Fetterer, 2000) , but less than that (85.1 to 180 μM) caused by LPS injection (Chapman and Wideman, 2006; Bowen et al., 2007 ). In the current study, plasma NO concentrations of broilers at 28 d were actually lower for infected birds than for uninfected birds (P < 0.05), and were also influenced by diet (P < 0.05). Plasma NO was greatest for birds fed the HA diet during the 21 to 28 d period, regardless of dietary Arg level fed from 10 to 21 d, with main effect means of 5.88, 7.82, 5.58, and 7.30 μM (SEM = 0.454) for birds fed the LA-LA, LA-HA, HA-LA, and HA-HA regimens, respectively.
The majority of NO that accumulates in the plasma following Eimeria infection is likely derived from circulating iNOS-expressing macrophages (Lillehoj and Choi, 1998; Bowen et al., 2009) . It has been demonstrated in vitro that macrophage NO production is readily influenced by extracellular Arg availability, with peak production from LPS-stimulated avian macrophages observed at 400 μM Arg (Sung et al., 1991) . Furthermore, dietary Arg status influences expression of Arg transporters on macrophages (D'Amato and Humphrey, 2010), and in vitro macrophage NO production can be inhibited by extracellular Lys due to competition between Arg and Lys for similar transport systems (Su and Austic, 1998) . Indeed, in vivo plasma NO in chickens has been demonstrated to decrease with reductions in dietary Arg concentration (Kwak et al., 2001; Khajali et al., 2011) . In the current study, it was clear that Lys was in excess relative to Arg for birds fed the LA diet, and that plasma Arg concentration of infected birds fed the LA (136 μM) and HA (342 μM) diets were both lower than the Arg concentration (400 μM) previously suggested to maximize macrophage NO production. Thus, the influence of dietary Arg on plasma NO at lower levels observed for uninfected birds at 21 d and all birds at 28 d, but not at peak levels induced by E. acervulina infection, may reflect a prioritization of Arg for iNOS-mediated NO production during the acute phase of coccidiosis. Citrulline, which is also a product of iNOS conversion of Arg to NO, can be recycled to some extent by its conversion to Arg within avian macrophages (Su and Austic, 1999) . Plasma citrulline decreased (P < 0.05) with E. acervulina infection in the current study, and increased (P < 0.01) with dietary Arg reduction (Table 3), thereby providing supportive evidence of this phenomenon.
Macrophages expressing iNOS compete for extracellular Arg with alternatively activated macrophages that express arginase activity (Chang et al., 1998) . Like kidney arginase, macrophage arginase catalyzes the conversion of Arg to Orn and urea, presumably to provide Orn as a precursor of polyamines to support cell proliferation in tissue repair (Munder et al., 1999) . Although the balance between iNOS and arginase expression in avian macrophages has been related to susceptibility of chickens to Marek's disease (Djeraba et al., 2002) , this relationship has not been investigated for Eimeriainfected broilers. Furthermore, the extent to which macrophage arginase alters plasma Orn and urea concentrations, versus that derived from kidney arginase, is currently unknown.
In summary, a 40% reduction in dietary Arg caused an imbalance in Arg and Lys status for broilers fed a low crude protein diet in the current study. This imbalance appeared to exacerbate the effect of E. acervulina on feed efficiency of broilers during the acute phase of the infection, but had no influence on subsequent recovery of broiler growth performance. Furthermore, our data suggest a prioritization of Arg for plasma NO production during an acute E. acervulina infection, which was not inhibited by the marked reduction in dietary Arg. Questions remain regarding changes in Arg metabolism that allowed for increased extracellular Arg availability, as indicated by the higher plasma Arg pool of infected birds, under the conditions of greater Arg demand for NO production and reduced dietary Arg availability (i.e., decreased feed intake and reduced Arg digestibility) for broilers during coccidiosis.
